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A method for securely mounting an endovaicular stent (2) to a balloon catheter (3, 5) involves the use of a 
includes a longitudinal sheath having an opening (10) into which the balloon (5) is inserted. Tlic stent is support^ 
outside of the sheath so Out it can be slid along the sheath into a position coaxially about the balloon. The stent then 
and secure engagement with the balloon (5) by withdrawing the sheath from between Ae stent and the balloon. The n 
conjunction witti a stent that U elastically defonnable to a diamemr enabling it to be placed about the balloon and tai 
clastically, into secure engagement with the balloon, gradually and uniformly. Tlic sheatt may be in the foim of ' 
connected at one end to a suppoit (6) and having free opposite ends. 
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DESCRIPTION 



DEVICE AMD METHOD FOR MQUMTIMG AM \ 
ENPQVASCULAR STENT ONTO A BALLOON CATHE|gR 

5 

Tochniciil Field 

The Invention relates to devices and techniques for mounting an 
endovascular stent onto the balloon of a delivery catheter to enatile the 
catheter to deliver and deploy the stent in a body lumen such as coronary 
1 0 or peripheral blood vessels. 

Background of the Inventton 

Among the techniques currently employed in connection with 
dilatation of a body lumen, such as a blood vessel that has become 

15 restricted by pathological or traumatic occurrence, has been to pi; ice an 

endovascular stent within the dilated region of the vessel, in order to 
maintain the vessel patient. One technique for placing such an 
endovascular stent has been to mount the stent onto a folded bal oon of a 
balloon catheter and then insert and advance the stent and catheter 

20 together into the body lumen to locate the stent at the intended si :e of 

implantation. So located, the balloon then is Inflated to expand the stent 
into engagement with the vessel wall to stabilize the position of the stent 
within the lumen. The procedure requires first that the stent be property 
located on the balloon and second, that it be secured to the balloon to 

25 assure it will remain in place during the placement procedure. 

Positioning the stent on the balloon has involved selection 
having an initial internal diameter greater than the radial dimensiofis 
folded balloon and the catheter to enable the stent to be slipped 
catheter and about the balloon. The stent then is constricted 

30 the balloon and catheter by means of pincers or other crimping 
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incraased 



presence i 



the 



inelasticaliy deform the stent to a smaller diameter in which the s^ent 
maintains a fimr) grip on the folded balloon. 

The foregoing technique for securing an endovascular 
balloon of the catheter presents a number of difficulties. The bal 
typically is formed from a very thin, membranous material that is 
to damage, either by the stent mbbing against the folds of the ba 
the stent is positioned along the balloon or by excessive crimping 
when the stent is constricted tightly about the balloon. Crimping 
onto the balloon necessarily is empirical and difficult to control, 
some stents are formed employing a laser cutting procedure in 
of the stent may be insufftciently rounded thereby presenting 
of damage when crimped about the balloon. Moreover, once the 
crimped onto the balloon it may not be possible to detect the 
such damage. Consequently, there may be increased risk that 
will burst during inflation with potentially life threatening 
the patient. 

Also, among the difficulties with the above-described 
mounting a stent onto a balloon catiieter is that because of the 
in the use of ttie crimping technique, the stability of the position 
on the balloon may be compromised. When a catheter is 
body lumen it can be expected to encounter deviations, bends, or 
restrictions resulting either from the natural anatomy of the lumer or by the 
presence of atherosclerotic plaque, any of which may cause the 5 tent to slip 
from its initial position on the balloon. Additionally, the shifting of the stent 
on the balloon may result in the stent snagging the balloon, causiig 
undetected damage that, in turn, can present difficulties in 
stabilizing the stent at its intended placement site. Even if slippinjg 
stent on the balloon is detected, it can be expected to further 
duration of the procedure. Most seriously, the stent possibly 
irretrievably separated from the balloon inside the patient's body. 
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presenting significant risk to the patient. 



Diacloaura of f^^ tnYftntiftn 

It is among the primary objects of the Invention to provide a 
5 and technique by which a stent can be fitted onto the balloon of a 
catheter with minimal risk of damaging the balloon. Another object 
invention is to provide a device and technique by which the stent 
secured in a stable position on the balloon to prevent relative 
the stent along the balloon when the two are advanced together 

10 through the body lumen. 

These objects are realized by the use of a stent loading 
includes elongate elements defining an elongate sheath having 
ends. One end of the sheath is ananged to extend through and 
endovascular stent in readiness and in a manner that enables the 

I S be slid along the axis of the sheath toward the opposite end. The 
end of the sheath is arranged to be open to receive and embrace 
balloon with the axes of the sheath, balk)on and stent being alignec 
juxtaposed, the stent then can be slid along the sheath toward the 
end of the sheath to a position about the balloon while the balloon 

20 protectively embraced within the sheath. The balloon thus is 
sliding engagement by the stent as the stent is slid into position 
balloon. When the longitudinal position of the stent and balloon are 
desired, the relative position of the stent and the balloon is 
the sheath is slid from between the stent and the balloon, leaving 

25 in place on and in engagement with the balloon. 

Another aspect of the inventton relates to the manner in 
stent remains in a secure and stable position on the balloon so that 
movement between the stent and the balloon is prevented when 
advanced into the body lumen. To that end. the invention is used 

30 conjunction with an endovascular stent that is constructed to be elaktically 
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deformable in a radial direction within a limited range of radial e} ;pansion 
and contraction. In this aspect of the invention, the stent loading device 
includes elongate sheath-defining elements that extend through the stent 
and apply a radially outward force to the stent as the stent is slic towards 
the free end of the sheath and about the balloon. The radial exf ansive 
force applied by the sheath elements causes the stent to expand 
circumferentially as it advances from one end of the loading device to the 
other, enabling it to widen to a diameter greater than that of the bided 
balloon but within the range of elastic expansion and contractior^ permitted 
by the stent. By expanding eiastically, the stent will store elastic energy 
such that when the sheath is subsequently removed, that elastic energy will 
cause the stent to itself contract, unassisted, about the balloon to lock itself 
stably about and onto the balloon. Thus, the present Invention may be 
employed to load a stent onto a balloon in a mariner that enables, the stent 
to crimp itself to the balloon. In addition, to affording increased security 
against the risk of inadvertent separation between the stent and the balloon, 
the self-crimping action provides uniform distribution of the grippng force of 
the stent along the length of the balloon. The unifomfi distribution of the 
gripping force is maintained even when the balloon and the cathoter are 
deformed as they are advanced through the patient's vessels. The 
arangement enables the physician to secure a variety of stents o a variety 
of balloon catheters to enable the device and technique to be ap Jlied to a 
wide variety of different clinical situations. Additionally, because of the 
effectiveness with which the self-crimping stent engages the balloon, the 
duration of the procedure may be reduced significantly. 

Also, among the objects of the invention is to provkie a device for 
loading an endovascular stent onto a balloon catheter that is eas/ to 
manufecture and use and lends itself to preassembled stent and loading 
devices. 
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Description of the DBwingfi 

The foregoing and other objects and advantages of the indention will 
be appreciated more fully from the following example, with the aic 
accompanying drawings in which: 

FIG. 1 provides an oversll view of a device according to 
invention, seen partly fragmented and enlarged from its actual 
association with an inflatable balloon catheter; 

FIG. 2 is a cross-sectional view of the device illustrated in 
taken along the plane 11-11 of FIG. 1; 

FIG. 3 is a combined illustration showing the stent and loading 
in two configurations relative to the balloon, including one configuiation 
the right) in which a portion of the stent is shown in engagement 
balloon after the loading device has been withdrawn, and another 
configuration (to the left) in which a portion of the stent has been 
elastically by the sheath in readiness to efliect a self-crimping 
with the balloon; 

FIG. 4 illustrates, in perspective, a portion of a tubular sten 
from wire illustrating the manner in which that stent may flex 
readiness to self-crimp onto the balloon; 

FIG. 5 shows a preferred embodiment of a loading device 
to the invention in an exploded perspective view, illustrated 
and with certain parts omitted for clarity of illustration: and 

FIG. 6 shows the device according to the invention in part a|nd in an 
alternative embodiment. 



vrtth 



Daaerintion of tha lllu«tni thi» gmhoHimant 

As shown in FIG. 1. the loading device, indicated generally 
employed to mount an endovascular stent 2 onto an inflatable 
catheter 3 with the stent, balloon and catheter being disposed 
about an axis 4. When the stent 2 has been loaded onto the balloon 5 of 



device 

(to 
the 



oxpanded 
engagement 

: formed 
eiastibaliy in 

according 
schematically 



3t 1, is 
t>all( ion Sofa 
I coaiually 



wo 97/09946 



PCT/IB!)6/00918 



10 



15 



20 



25 



30 



6- 



the catheter, the assembly can be inserted into the body vessel and can be 
advanced in an axial direction 4 within the lumen of the vessel. 

In the following description, the term 'distal" will refer to a direction 
that is toward the patient and the term "proximal" will refer to a d rection 
along the axis 4 that is away from the patient, e.g.. toward the priysician. 
Thus, the end of the balloon catheter to which the balloon is atta:hed may 
be considered as the distal end and the end of the catheter that remains 
outside of the patient and is operated by the physician is the proximal end of 
the catheter. 

The device includes an arrangement that fomns a sheath having 
means adapted to embrace the balloon to protect the balloon whi le the 
endovascular stent 2 is slid in a proximal direction along the axis 4 to a 
desired longitudinal position along and about the balloon. So poritioned. the 
sheath then can be slidingly withdrawn, in a distal direction, from between 
the balloon and the stent, leaving the stent in place on the ballooiv In the 
illustrative example of the invention, the loading device 1 may comprise a 
support 6 and a plurality (e.g.. four) longitudinal sheath-defining fingers 7 
having distal ends 8 and proximal ends 9. The sheath may be ccnsidered 
to define a first means at the distal portion of the sheath for supporting the 
stent 2 in a preload condition and a second means at the oppositj. proximal 
ends 9 of the sheath-defining fingers 7 arranged to define a spao) 10. 
receptive to the balloon. The fingers 7 are connected securely at their distal 
ends 8 to the support 6. The elongate sheath-defining fingers 7 -nay be 
generally lamellar, being flat or arcuate in cross-section to coincice with a 
circumferential arc (FIG. 2) about which the fingers 7 are uniformly and 
equidistantly distributed. In the illustrative embodiment, the support 6 
includes a stent guide 16 having a tapered distal end 17 to facilitate 
preliminary placement of the stent 2 on the elongate sheath-defining fingers 
7. The support 6 also can include a proximally extending stylet 1 ' that can 
be inserted into the lumen of the balloon catheter 3 to axially aligr the 
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loading device 1 with the catheter so that the balloon 5 can be gtiided into 
the space 10 embraced by the fingers 7 as well as to provide added support 
for the balloon region of the catheter during the loading process. The distal 
end of the stylet 1 1 may be secured to the stent support 6. 

As shown in FIG. 5, the illustrative embodiment of the suprart 6 
includes an internal cavity 12 that receives a smaller diameter tubular 
element 13 having a peripheral wall 14 in which four openings 15 are 
fbnned. The openings 15 are arranged in two pairs, spaced longitudinally 
along the axis 4 and displaced circumferentially at 90». one from i he next. 
The longitudinal sheath-defining fingers 17 may be fbnmed from tivo 
elongate metal strips, one assodated with each pair of openings 15. with 
each strip being passed through one pair of openings 15 with its onds 
extending freely away from the support 6. The tubular element i;j with the 
longitudinal fingers 7 attached, then can be inserted into the cavity 12 of the 
support 6 thereby to stably secure the element 7 between the tub jiar 
element 13 and the support 6. 

The device may be manutactured by a method that includes the 
steps of (1) removing material, as by milling, from a peripheral wall 14 of a 
tubular element 13 to fbmi at least two opposed openings 15. (2) fitting at 
least one longitudinal finger 7 to the tubular element 13 by insertion through 
the openings 15. (3) coupling the tubular element 13 with the internal cavity 
12 of the support 6 so that the longitudinal fingers 7 remain stably anchored 
between the tubular element 13 and the support 6. The foregoing 
construction is simple and economically achieved at low cost thereby 
lending itself to disposable use. Advantageously, the loading dev ce may be 
supplied to the physician In combination with a preassembled stent 2. 
thereby further simplifying the procedure for the physician and reducing the 
duration of the Implantetion procedure. 

In the preferred embodiment, the fingers 7 are connected to and 
project from the support 6. to diverge at an angle a in a proximal direction. 
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When the stent 2 is assembled with the loading device, the stem 12 is 
placed over the tapered portion 1 7 of the guide element and is advanced 
tongitudinally to a location encircling a distal portion of the finger i 7 adjacent 
the distal ends 8. At this point, the stent will be supported internally by the 
fingers 7 that engage the stent 2 from within. When the stent 2 is later 
advanced proxlmally toward the free ends 9 of the fingers 7. the divergent 
fingers 7 will apply a radially outward force to the stent to enlarges the 
diameter of the stent, within its elastic limit, to a degree that will nilow the 
stent to be positioned coaxially about the balloon 5. The outer d ameter of 
the tubular support 6 preferably is greater than the inside diameter of the 
stent when the stent is relaxed. The support 6 may have an out(>r diameter 
approximately 10% greater than the inside diameter of the relaxed stent so 
that when the stent is advanced over the support 6. the stent will stretch 
elastically and radially. The effective diameter of the distal portic n of the 
sheath is less than that of the support 6 so that after the stent has been 
passed over the support 6. it will elastically contract toward its relaxed 
configuration. Thereafter, the larger diameter of the support 6 scirves to 
retain the stent in its position about the sheath-defining fingers 7 thereby 
retaining the stent in place on the loading device and in readiness to be 
loaded onto the balloon. 

The divergent orientation of the fingers 7 also defines a omvergent 
end of the balloon-receptive space 10 that can serve to limit the isxtent to 
which the balloon can be inserted axially into the space 10. Theiefbre, by 
selecting a suitable correlation between the length of the sheath-defining 
fingers 7, their angle of convergence a and the length and the di Tiensions 
of the folded balloon 5. the extent to which the catheter and balloon can 
advance into the space 1 0 can be limited so that a trailing portion 1 9 of the 
balloon will be exposed beyond the trailing end of ttie elements 7, just 
sufficiently to be engaged by a corresponding end 20 of the stem 2. 

When the stent 2 and loading device 1 have been assemhied, the 
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stent will be disposed on and about the fingers 7 at a distal region 
sheath, adjacent the support 6, with the free ends 9 of the fingers 
extending proximally beyond the stent 2 in a divergent array. So 
the balloon at the distal end of the catheter is advanced into the 
space 10 and may be guided in that movement by cooperation of 
1 1 . When the catheter and loading device have been engaged, v 
balloon 5 of the catheter being embraced by the sheath-defining 
the stent 2 can be advanced proximally along the fingers 7 to a desired 
longitudinal position about the balloon. So positioned, the stent 
in place relative to the balloon and the loading 1 device can be reilnoved 
As the loading device is withdrawn from between the stent and tho 
the stent will engage the balloon. Thus, the stent can be loaded 
positioned on the balloon while the balloon is protectively embraced 
sheath and protected from damage by the stent. The ballooning aging 
surfaces of the lamellar fingers 8 can slide smoothly over the baildon without 
injury to the balloon. 

The invention can be used with particular advantage with 
endovascular stent that can be defonned elasticaily within a range 
to enable the stent to be elasticaily expanded to a diameter to faci 
placement over the balloon and then permitted to elasticaily contract 
self-crimping engagement with the balloon. One such stent is illusltrated 
FIG. 4 and is described in further detail in PCT Patent Application 
PCT/IB96/00568. the disclosure of which is hereby incorporated 
reference, in its entirety. The stent 2 comprises a series of tubular 
23. Individual modules are connected to a spine that extends longitudinally 
of the axis 4. The modules 23 are constmcted by fashioning a mdtal wire 
substantially into a serpentine configuration that defines elongate 
longitudinally extending straight portions 25 alternated with shorter 
26 disposed transversely to the axis 4. The substentially straight 
longitudinal portions 25 and transverse portions 26 are connected 
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segments 27 of wire permanently bent to an angle that will provii je rigidity 
and enable the module 23 to withstand action applied transverwily to the 
axial direction 4 intending to vary the width of the angle. The straight 
segments 25 have elastic properties and can be likened to a ser es of 
beants anchored at the ends to movable restraints provided by tl»e bent 
portions of wire 27. The stent 2 thus may be considered to define a relaxed 
diameter and can be eiastically expanded from its relaxed diame :er within a 
limited range of diameters sufficient to enable the stent to be loai jed onto 
the loading device and then, from the loading device onto and at out the 
folded balloon. When the stent is deployed, however, it may be expanded 
to a diameter greater than the limited elastic range, in which casti the stent 
will be eiastically deformed. 

As the stent 2 is slidably advanced along the elongate elenent 7. the 
individual modules 27 will tend to expand in diameter. By setectiiig the 
angle of divergence a and the dimensions of the longitudinal elements, the 
angle of the bent portions 27 of the wire can remain constant as he stent 2 
is slid along the device and the stent 2 expands. Thus, the incre ase in the 
circumference of the module 23 is attributable to the elastic deformability of 
the elongate segnrents 25 of the stent, which are able to deflect from a 
straight, undeformed configuration to a bent, defonned configuralion. as 
illustrated in FIGS. 3 and 4. The elastic deformation of the straig it 
segments 25 is reversible and, therefore, as the stent advances to and 
beyond the free ends 9 of the fingers 7. the segments 25 of the s ent 2 
return immediately and eiastically to their straight, undeformed configuration. 
Consequently, as the modules 23 at the restraining end 20 of the stent 2 are 
separated progressively from the fingers 7, they will contract elas ically and 
tighten firmly around the portion 19 of the balloon 5 disposed beysnd the 
free ends 9 of the fingers 7 and beyond the space 10 (RG. 3). As the 
retraction of the loading device 1 progresses along the axial direction 4. the 
complete set of modules will be transferred progressively onto tho balloon 
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until the stent 2 is ultimatety positioned and has seif-crimped 
stably to and about the balloon. The foregoing occurs without 
sliding contact between the stent 2 and the balbon 5 in the axial 
and without inelasticaily crimping the stent onto the balloon. 
5 It should be noted that the elasticity of the modules 23 

extent on the properties of the materials used and manufactured 
geometry of the modules 23 themselves, as well as on the angle 
divergence a and on the length of the longitudinal element 7. As 
proportions, satisfactory results appear to be achieved when the 

10 the elongate fingers 7 Is about twice the length of the stent 2. 

The stent thus can be fitted manually to the catheter by the 
directly and at the time of the operating procedure. Stents of a 
length (e.g., about 15 to 25 mm) can be fitted manually to the 
the physician with ease. Should the loading of a longer stent (e.g 

15 to 35 mm) present some difficulty in handling, especially when the 
is wearing gloves, the loading device 1 may also incorporate a 
member 18 slidably associated with the guide element 16 and 
with an end of the stent 2 as indicated in FIG. 6. 

From the foregoing it will be appreciated that the invention 

20 an improved method for fitting an endovascular stent 2 onto the 
which a protective sheath is provided over and about the folded 
enable a stent, positioned outside of the sheath, to be slid along 
into a position about and coaxial with the balloon and withdrawing 
sheath in a direction opposite that of the sliding movement of the 

25 draw the sheath from between the balloon and the stent, in a 

of the method, the sheath is ananged to apply a radial expansive 
the stent to elastically enlarge the diameter of the stent so that it 
advanced over the balloon. With the stent in position about the 
radial expansive force is removed to enable the stent to resiiiently 

30 about the balloon without requiring application of external crimpinc 
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From the foregoing, it will be appreciated that the objects of the 
invention are fully realized and provide greater reliability, lower costs and 
increased safety. It should be undenstood. however, that the foregoing 
description of the invention is intended merely to be illustrative 
that other embodiments, modifications and equivalents may be apparent 
those skilled in the art without departing from its principals. 
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Claiing 

1 A device for loading a balloon-expandable elongate 
stent having a selected length on a balloon of a catheter insertabl^ 
body vessel comprising: 

an elongate sheath having a first end (8) and a second end 
(9) and being longer than the selected length: 

the first end (8) of the sheath being adapted to be 
within the stent (2) with the second end (9) of the sheath protmdirjg 
the stent (2), the sheath being constructed to enable the stent (2) 
along the sheath; 

the second end (9) of the sheath being formed to define a 
space ( 1 0) receptive to the balloon of the catheter. 

2. A stent loading device as defined in claim 1 wherein the 
sheath comprises: 

at least two longitudinally extending fingers (7) conn^ed 
together at a location to define the first end (8) of the sheath. 

3. A stent loading device as defined in daims 1 or 2 wHerein the 
sheath is divergent toward the second end (9) of the sheath whereby the 
sheath can apply a radially outward force to a stent (2) slid along ^nd 
toward the second end (9) of the sheath. 

4. A stent loading device as defined in any one of daims 1 to 3 
wherein the length of the sheath is approximately twice that of the stent with 
which the sheath is to be used. 

5. A stent loading device as defined in any one of claitrls 1 to 4 
further comprising an axially extending guide element (11) supported at the 
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first end (8) of the sheath and having a second end extending a>jially and 
engageable with the catheter to axially align the balloon (5) with (he second 
end (9) of the sheath. 



6. 



7. 



A stent loading device as defined in claim 2 further 
the first end (8) of the sheath being attached to a 



compnsing: 
S[|ipport (6). 



A stent loading device as defined in claim 6 further 
the support (6) defining an internal cavity (12); 
a tubular member (13) having a peripheral wall (14) 
least two openings (15); 

the longitudinal fingers (7) passing through the 

and 

the tubular member (13) being received in the interrkal 
(12) of the support (6) to securely anchor the longitudinal fingers 
capturing the fingers (7) between the tubular element (13) and th^ 
(6). 



8. A stent loading device as defined in claim 6 further 
an axial guide element (11) supported at the first end (8) of the 
having a second end extending axially and engageable with the 
axially align the balloon (5) with the second end (9) of the sheath 



9. A stent loading device as defined in claim 6 wherein 
support (6) comprises a guide element (16) to facilitate 
stent (2) onto the longitudinal fingers (7). 



advancement of the 



1 0. A stent loading device as defined in daim 9 wherein 
element (16) has a tapered portion (17). 
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11. A Stent loading device as defined in daim 2 or 9 furbier 
comprising a pushing member (18) slldably mounted with respedfto the 
guide (16) and engageable with the stent (2). 



1 2. A stent loading device as defined in daim 3 wherein 
and angle (a) of divergence of the sheath are conelated to the 
dianieter of the balloon (5) such that when the balloon is inserted 
space (10) at the second end (9) of the sheath, the balloon (5) wil 
portion (19) protruding beyond the second end of the sheath 
provide a surfeoe of the balloon adapted to be gripped by an end 
stent (2). 



the length 
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into the 
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suffk^'ently to 
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1 3. A stent loading device as defined in claim 5 wherein 
longitudinal fingers (7) are generally lamellar. 



the 



14. A stent loading device as defined In daim 1 3 whereiji 
lamellar fingers (7) are flat in cross-sectional profile. 

1 5. A stent loading device as defined in daim 1 3 whereir 
lamellar fingers (7) are arcuate in cross-sectional profile. 



16. A stent loading device as defined in daim 2 wherein jhere are 
four longitudinal fingers (7). 

17. A stent loading device as defined in claim 2 wherein the 
fingers (7) are formed from metal. 
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18. A stent loading device as defined in daim 2 wherein t ie 
fingers (7) are arranged to be drcumferentially spaced at substanti<illy 
mutually equidistant intervals. 
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19. A device for loading a balloon-expandable elongate 
stent on a balloon of a catheter insertable into a body vessel 

first nneans for engagement with the interior of the 
stent for supporting the stent in a preloaded condition; 

second means formed as a continuation of the first 
receiving and embracing the balloon therein; 

whereby the loading device may serve as a guide 
sliding transfer of the stent from the first means to the second 
thereby to dispose the stent about the balloon; 

the second means being removable from betv^n 
and the balloon to enable transfer of the stent to the balloon while > 
direct sliding contact of the stent with the balloon. 
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20. A stent loading device as defined in daim 1 9 wherein at least 
the second means further includes means for applying a radially (outward 
force to the interior of the stent as the stent is advanced along th^ second 
means. 

21 A stent loading device as defined in any of the preckling 
claims further in combination with a stent mounted on the loading device, 
the stent and loading device being preassembied in readiness for| transfer of 
the stent from the loading device to the balloon. 

22. A stent loading device and stent, combined as defin|ed in claim 
21 wherein the stent further comprises: 

a plurality of tubular modules (23) connected relativ^ to each 
other in axial an^y along a spine. 
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23. 
comprising: 



An endovascular stent and a balloon catheter assembly 
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a balloon catheter having a balloon in a deflated, lovf profile 

configuration; 

a balloon expandable stent having an uncrimped reliixed low 
profile and a limited range of elastically expanded diameters slight y larger 
than the uncrimped relaxed low profile; 

the stent being disposed on and about the balloon with the 
stent being within its uncrimped limited range of elastic behavior, tie stent 
gripping the balloon solely under the influence of its uncrimped elasticity 

24. A method for placing securely a tubular stent on a balloon 
comprising: 

maintaining the balloon in a low profile configuration; 

providing a stent having a range of radial elasticity to 
the stent to be resiliently expanded to a diameter in which the ster^ i 
slipped over the balloon while elastically deformed; 

expanding elastically the diameter of the stent and positioning 
the stent along the balloon; and 

removing the expansile force to enable the stent to 
under the influence of its own resilience sufficiently to securely 
balloon. 



25. A method as defined in daim 24 wherein the stent is caused to 
contract about the balloon in a manner that is free from plastic defprmation. 

26. A method for loading a stent onto a balloon comprisir|ig; 
maintaining the balloon in a low profile; 
embracing the low profile balloon in a protective sheath; 
sliding the stent over the sheath to a selected location relative 

to and about the tialloon; and 

while maintaining the relative position of the stent an(|t the 
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27. A method as defined in claim 26 further comprising 
preliminarily expanding the stent resiliently to a diarjfieter 

greater than that of the tiailoon; and 

enabling constriction of the stent on the balloon whfen the 
sheath is removed. 

28. A method of manufacturing a device (1 ) as in precejding 
claims, comprising the steps of: 

removing material from a peripheral wall (14) of a tilibular 
element (13) in such a manner as to fashion at least two opposite! openings 
(15): 

associating at least one longitudinal element (7) with the 
tubular element (13), by insertion through the relative openings (' 5); 

coupling the tubular element (13) into an internal cavity (12) 
afforded by a support (6) in such a way as to anchor the longitudinal 
elements (7) by securing them stably between the tubular elemert (13) and 
the support (6). 



20 



29. A device as in preceding claims, packaged togethei 
modular endovascular stent (2) as a preassembled vascular 
system (22). 



with a 
implant delivery 



wo 97/09946 



PCT/I»«/00918 




wo 97/09946 



PCT/IB9 6/00918 




INTERNATIONAL SEARCH REPORT 






Iniei. nd Applicaoon \< 

PCT/IB 96/0091 


} 


A CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61F2/06 

Aci»r*ng lo lakmattonal Ptunt auaficifiioQ (IPQ or to bodi lutonjl dasaftcaoofi and IPC 




B. FIELDS SEARCHED 




Mirannm dDcumntttan mrdicd (danficatKm tyiicm MlowtA by danficMon ^ymboli) 

IPC 6 A61F 




Documoiiuon MarcM ottMr to mimiiHjm 0oein^^ 




Elcctmc d«to bw GonwlMl <lunas ttic mtcnuaonil Kirch (name ol dau bue and. where praeocal. March ttmu wed) 




C.DOCUK 


lENTS CONSIDERED TO BE RELEVANT 




Category' 


Otaoon or documcAU widt mdcation, where appropnaie, or the relevant pasuges 


Red 


vam to claim No. 


X 

Y 
A 

Y 


W0,A,95 29992 (KABUSHIKIKAISYA IGAKI IRYO 
SEK : IGAKI KEIJI (JP)) 10 August 1995 

& EP,A»0 697 226 21 February 1996 
see colunm 7, line 8 - line 3G 
see column 7. line 42 - line 44 
see column 8, line 35 - line 45 
see figures lOA- HE, 13-16 

EP.A.G 540 290 (ADVANCED CARDIOVASCULAR 

SYSTEMS) 5 May 1993 

see column 6, line 10 - line 19 

see figure 7 

-/-- 


1, 

IS 

2e 

22 
5. 
29 

22 


3.4. 
.21. 
.27 

12.20, 


1 X1 ^«»therrtoeum«ttarcliiMdwihcc«iibnu«tt«i^^ |^ Pattni fanuly mcmbcn ai« luted 


n annex. 




* Speaal caiefonci of aied documents : 

laier document publidMd after the mtemabonal fi 
•A" document dcrmuifttiegnieralsute or the an wtach It not or pn^qrd^e and n« m coitflKi 

CQoadertdtobeof paracularitlevancc . ottd to undernand the pnnaple or theory undei^ 

'E' earlier document but puUidMd on or after the inumabonal .v. ^"^'^^ , . _ ^ 

rihng date iniB™w«i .j^. ^ parttcular kIcvmcc; die dumcd mv 
•a • . . ..^A^^ J cannoc be conndefed nowd or cannot be coondei 

^!SSI^J!!^r.'^lS^'',j!!^^J^ umiivt an inventive «tp when the docufwntutj 
wnch IS oied to eetabtuh the publicabon date of anottKr , . , 

•n- ^ - > ^ ^- , ^ ^ eaiBioi oe consocreo to involve an mvenove ncp 

^5«J«n»«f<^«»toanorald«doeur«,iw,«ihibitionor document u conibincd wiih one or more othersu 
outer means moat, fudi combinabon being obvious to a per* 

'P' document publuhcd pnor to the imcmattonal filuig dale but in the arL 

i»t«r than the pnonty <uu cUxmcd -4- documem member of Ow tame patent faiwly 


ingdaie 
uon but 
ying die 

cd to 
ten alone 

mnon 
when the 

En oocu* 
n stalled 


Dau or the actual completwn or the mtemational learch 

17 Decenber 1996 


Date of mailing or the imemabonal search repon 

27. 1Z. 96 




Name and mailing addrcn of the ISA 

European Patent OITicc. P.B. SftIS PatemUan 2 
NL . 2U0 HV Ripwiik 
Td. (^31.70) 140.2IMO* Tx, 31 6SI cpo nl. 
Fax: 31-70) 34O.30I6 


Auttionzcd officer 
Chabus, H 




page 1 of 2 





i 





INTERNATIONAL SEARCH REPORT 










lokr* >nal AppliMfton No 

PCT/IB 96/00918 




C^ConanuMon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Ctttfonr' 


QiMoo Of documoM, wOi indicctton, wtierc appfopfutB, of Um rdcvani pamgcs 


lUlcvaaito 


cUtm No. 


A 


EP,A«0 630 623 (ADVANCED CARDIOVASCULAR 

SYSTEMS) 28 December 1994 

see colunn 3, line 45 - line 55 

see column 4, line 14 - line 15 

see figures 1-4 




I. 

26 


.9,24. 

,27 


A 


A 4 649 9?? fUIirrOR DOMINI 1^ 17 Marrh 
1987 

see column 4, line 12 * line 20 
see figure 3,4 




1-: 

8- 


J. 5,6. 
.0. 

,91 


X 


nP A ^fi API 7Af\ fQTDrr^CD TDMCT DCTCD DDflP 
ULtnt^D *tU fHO ^alKtvKCK CKN^I rClCK rKUr 

DR M) 4 June 1987 

see column 11* line 14 - line 18 

see figures 1-3 




23 


■25 


P.A 


U0»A»96 09013 (UNIV WAKE FOREST) 28 Narch 
1996 

see page 19, line 9 - line 27 
see figures 1»6-19B 




2. 
5- 
18 


i. 

11.17. 


P.A 


W0.A.95 26777 (LOCALNED INC) 12 October 
1995 

see page 18» line 23 - line 25 
see figures 5- 118 




13 


-18*28 


Fpfm KTUAIIO (oni«iii«mwii o( fMDM ilwt) (July llfl) 


page 2 of 2 





t 



INTERNATIONAL SEARCH 

Jifomu&on 00 paloK famly mcmbcn 



REPORT 



tntn ul ApplicABon So 

PCT/IB 96/00918 



Paicnt document 
cited in teirch report 



PubHcaiion 
date 



Patent family 

'(0 



Publw ^uon 
dai; 



WO-A-9520992 



10-08-95 



EP-A-054e29e 



05-05-93 



EP-A-0630623 



28-12-94 



US-A-4649922 
DE-A-3640745 



17-03-87 
04-06-87 



W0-A-96e9013 

WO-A-9526777 



28-03-96 

12-10-95 



AU-A- 
CA-A- 
EP-A- 



1590795 
2160022 
0697226 



CA-A- 
EP-A- 
JP-A- 
US-A- 
US-A- 



2079417 
0734699 
6181993 
5421955 
5514154 



US-A- 
CA-A- 
JP-A- 
US-A- 



5437083 
2124050 
6343705 
5546646 



NONE 



WO-A- 
EP-A- 
US-A- 



9312832 
0292587 
4922905 



AU-A- 



3418395 



US-A- 
AU-A- 



5571086 
2238895 



21-08- 
10-08- 

21-02 



»5 
»5 
96 



29-04 
02-10 

05- 07- 

06- 06 

07- 05 



n 

i6 
)4 

)5 
}6 



01-08- 
25-11- 
20-12- 
20-08- 



)5 

')4 
')6 



08r07- 

30-11- 
08-05- 



')3 
HQ 



09-04-' )6 



05-11- 
23-10- 



')6 
!)5 



FofM PCT l&A aiO (pMMt fimrfy Mitn) <J»ly Iffl) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

.□^INES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



